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ABSTRACT
Postural control is a major risk factor for falls and it is essential to identify protective mechanisms. Physical activity can enhance postural stability but the duration effect has been minimally researched. The current study investigated if prolonged exposure to training in early life was protective to balance neuromuscular processes in later life. Static and dynamic balance variables were assessed in 77 healthy adults. Two groups (18 to 35yr, young and > 50yr, retired) were divided into athlete (weight bearing sport) and control groups; young athlete (YA), young control (YC), retired athlete (RA) and retired control (RC). Static balance was quantified using sway velocity (mm.s-1) and C90area (mm2) recorded on a Hurlabs force platform for 30-s on stable and unstable surfaces with eyes open and closed. Results demonstrated significant age effect across groups. However, an athletic effect was evident only with dynamic balance and time to error for static testing. Mean time (s) to error (YA 27.8 ± 5.8, YC 20.5 ± 11.1, RA 9.4 ± 8.5, RC 8.6 ± 9.1) showed an age and athletic effect (p < 0.001 and p < 0.05, respectively) for the most challenging condition completed (single leg stance, eyes closed on a stable surface). Dynamic balance was assessed using the Y balance test. Mean maximum composite score data (YA: 90.0 ± 5.4%, YC: 83.6 ± 6.5%, RA: 80.8 ± 10.7%, RC: 72.4 ± 15.5%) demonstrated an age effect; however, a group effect was only identified in the retired group. The findings of the current study support research regarding the reported decline in balance variables with ageing. Overall, former athleticism did not significantly enhance static balance in later life. Dynamic balance incorporates muscle strength which may have protective role in the athletes. 
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INTRODUCTION
Good balance is considered the ability to maintain centre of gravity vertically over the base of support despite perturbations. Balance incorporates feedback mechanisms from visual, vestibular and somatosensory systems. Postural control can improve or decline depending on level of activity. With ageing, neuromuscular processes decline and coordination and postural stability become increasingly challenged during everyday tasks. By identifying mechanisms to delay functional decline researchers can promote fall prevention strategies and, thereby, maintain independence. Physical activity and balance training in later life reportedly improve postural stability (24, 31, 40). Balance training is commonly practiced by athletes, in particular in those competing in a weight bearing stance. However, the temporal duration of balance training has been minimally researched. More specifically, does prolonged exposure to neuromuscular training in early life protect postural stability?  


One third of adults over the age of 65 years fall each year (36). Roughly half of falls result in an injury, with 10% incurring serious injury (45). The growing ageing population prompts the promotion of fall prevention strategies, in particular identifying protective factors. Researchers have reported that people with one or more falls per annum have increased postural sway when compared to those with no falls (10). Tinetti et al. (44) reported that the odds ratio of a balance impairment causing a fall in an elderly person in the community is 1.9. A recent meta-analysis (38) demonstrated improved postural stability and decreased sway area in elderly populations with targeted balance training.

The effect of short- and long-term enhanced balance is reported following vigorous exercise exposure (28). There is evidence of between 20 to 70% risk reductions for hip fracture incidence with past or present activity (21), with weight bearing activity being the most protective (11). One study (33) using a balance walk test demonstrated that former athletes (45 to 68 yr) had superior balance to a control group (27 to 67 yr) and their balance was comparable to a young (24 to 30 yr) population. Perrin et al. (31) documented superior postural stability by tilt perturbation in active older adults, most notably those who recently commenced activity were on par to those who had a long-term exposure to physical activity. Another study evaluated reactive abilities of current elite athletes (62 to 85 yr) participating in athletics for an average 18 yr compared to older healthy adults across a range of perturbation velocities using a hydraulically-driven force plate (5). Their results showed that athletes had faster stabilisation of centre of pressure and regained balance more frequently at higher velocity perturbations (5). It has been reported that football trained elderly adults showed better postural control and lean body mass when compared with untrained elderly adults by measuring number of errors when sustaining single leg stance for one minute (43). Notably, balance did not differ between football trained elderly adults and untrained young adults. 

To execute dynamic movements, athletes combine balance with joint range of movement and strength (28). Specifically, balance is an important component in weight-bearing sport. Game sports require an athlete to make postural adjustments according to selective attention, reaction time, movement time and agility. Research has shown that the more proficient the athlete, the better their balance ability (20). Balance control of an athlete is a useful tool to predict injury risk, diagnose and monitor rehabilitation (25). Additionally, several studies have reported an effect of lower extremity musculoskeletal injury altering somatosensory input by damaging proprioceptors (12, 14). However, the long-term effects on these neuromuscular systems in later adult life remains minimally researched.

Contrary, balance assessment tools for the elderly focus on fall screening tests; namely, tandem walk, unilateral stance, sit to stand and the timed up and go tests (8, 39). Some studies objectively measured balance and have reported older participants to have increased sway velocity (2, 27, 42). However, dependence on visual and proprioceptive inputs remained constant across age cohorts (7). Sway velocity has been shown not to be affected by gender in some studies (7, 42), however, a significant correlation between age and the length of sway path has been reported for single leg stance (42). 

Shumway-Cook and Horak (40) isolated sensory inputs under six test conditions to identify the defected sense, referred to as the clinical test of sensory interaction and balance (CTSIB). A hard flat surface ensured accurate orientation information from the somatosensory system and using an unstable surface (foam mat) reduced the accuracy of the orientation. Increased instability with a foam surface (challenging proprioception) suggested inadequate vestibular and/or vision compensation. The modified CTSIB (without dome) is a condensed tool often used in screening of the elderly.  Using the modified CTSIB, a decreased performance time was associated with a concomitant rise in fall risk (1). 

Static and dynamic steady-state, proactive and reactive balance tests are the general methods of assessing balance (24). A force platform is frequently used for indirect assessment of static posturography, centre of pressure (COP) data are calculated using ground reaction forces projected from the body (30). The C90area (mm2) represents the area of an ellipse that encompasses 90% of COP points, with increased mean data suggesting decreased postural control (30). Mean sway velocity (mm.s-1) represents displacement across time of COP variable. Safe use of the force platform is necessary. Past studies have used harnesses which may provide sensory input and therefore hinder results (40). Parallel safety rails eliminate this sensory support. No significant difference in COP data comparing dominant and non-dominant limbs has been reported in the scientific literature (18). 

Dynamic balance is the ability to maintain postural control while the person’s centre of mass moves outside their base of support (15). Dynamic testing has reportedly been shown to demonstrate greater discrepancy between young and old healthy adults than static testing (2). The Y balance test (YBT) is a useful clinical tool for assessing postural control in single leg stance while reaching in three direction; anterior, posteromedial and posterolateral directions with the opposite leg. Although primarily used in an athletic population for injury risk assessment, the YBT has been reported to be an effective and safe tool to correlate distance achieved with lower limb strength in an older population (13, 22).

The aims of the current study were to compare the ability to maintain upright stance when sensory inputs (visual and platform stability) were altered and to compare dynamic balance in athletic and former athletic population. We hypothesise that retired athletes would have superior balance to non-athletes by demonstrating reduced sway velocity, maintain stability when challenged and enhanced dynamic ability. Findings of increased postural stability could potentially infer reduced injury and falls risk and a protective mechanism across healthy populations. The current study collected normative data in athletic and non-athletic populations, in particular data from the YBT in the elderly population which, currently, is lacking in the literature. 
 
METHODS

An observational study design measured balance variables in healthy adults. Participants completed a modified CTSIB protocol on a force platform and the YBT on a single day. Ethics approval was received from the Faculty of Health Sciences Ethics Committee in Trinity College Dublin. This research was conducted in accordance to the ethical standards of the International Journal of Exercise Science (29).
 
Table 1: General overview of study design
Pre-testing evaluation	Questionnaire and anthropometric assessment
	Falls risk assessment (>50 yr only)
Static balance	Instruction, demonstration and warm-up
	4 test conditions (30-s trials: 30-s rest )
Dynamic balance	Instruction, demonstration and warm-up
	3 directions; 3 attempts per direction

Participants
Participants were recruited through sport clubs and local advertisement. Both male and female candidates who expressed interest were sent an information leaflet and contacted the lead investigator if he or she satisfied the inclusion and exclusion criteria. Groups were categorised as athletic or control based on their exercise history. The definition of an athlete was an individual who trained vigorously three times a week all year round, as well as competing regularly for a minimum of 5 years (5). A retired athlete (RA) was an athlete who had not trained or competed in a weight-bearing sport (any sport where standing was the predominant position) for a minimum of 5 years; however, RA may continue to exercise recreationally. The control group had a low physical activity lifestyle (< 20-min of daily vigorous-intensity activity < 3 days per week or less than 30-min of daily moderate-intensity activity < 5 days per week) and with no previous history of participation in a competitive weight-bearing activity. Consequently, the four participant categories assessed were YA aged 18 to 35 yr, RA > 50 yr, YC 18 to 35 yr and RC > 50 yr.

Exclusion criteria included recent (< 3 month) or chronic lower limb or trunk injury (musculoskeletal or neurological), recent head injury (< 12 month), neurological disorder potentially affecting balance (vestibular, vision or neuropathy), taking medications or substance which may impair balance (< 24-h before testing) or hyper/hypotension. Athletes were asked to refrain from activities that may induce injury or significant fatigue within 24-h of testing. An informed consent form was completed by all enlisted participants. 

Protocol
Participants completed a questionnaire prior to testing in the presence of the investigator to quantify their level of activity and ensure study criteria were met. Measurements of body mass in kilogram (Seca, Hamburg, Germany) and height in metre (Holtain, Dyfed, UK) were performed in barefoot and light clothing. Body mass index (kg.m-2) was subsequently calculated. Dominant limb length (chosen by the participant) was measured using a standard 1.5-m flexible measuring tape, barefoot from anterior superior iliac spine to the most distal portion of the medial malleolus (32).

All participants > 50 yr (RA and RC groups) completed a falls risk assessment using the Berg Balance Scale (BBS) and Timed Up and Go (TUG) test. Each manoeuvre was preceded by safety instructions and a demonstration. Time data (s) were collected on an iPhone 7 with inbuilt stopwatch. Two chairs (both equal in height, one chair with arm rests and the other without) were positioned adjacent to each other with chair backs against a solid wall. A 30-cm solid ruler was used to measure arm reach. Using a 5-m heavy duty measuring tape, the floor was marked out from the front leg of the chair to 3-m perpendicular to it which was used for the TUG test. A 100-g weight was used as the object for picking up from the floor and a wooden step (dimensions 12 cm in height, 30 cm in length and 20 cm in width) was placed against a wall.

All testing was conducted on a solid surface in a quiet room, free from distraction, noise and vibration. Participants had their static balance assessed using a force platform (HURlabs iBalance platform, Tampere, Finland) connected via USB to a laptop computer (Dell Inspiron, Texas, USA). Data were estimated by the associated iBalance software (iBalance premium Ver 2.4, HURlabs, Tampere, Finland). The force platform had four inbuilt force transducers pre-calibrated by the manufacturer. The static balance protocol, based on modified CTSIB (1) was formulated using iBalance software. Supportive barriers and adjacent walls were placed within arm’s reach for safety precautions. 

Each participant viewed a standard demonstration of the protocol performed by the lead investigator. The standardised warm-up allowed for familiarisation without inducing fatigue which consisted of a combination of all positions for 10-s each. Participants stood barefoot on markings on the platform (heels touching and big toes at 30o) for double leg stance (DLS). Dominant leg was chosen by the participant based on practice attempts during single leg stance (SLS). For SLS, the dominant foot was placed in the centre of the platform, heel and second toe on a marked line and foot covering the centre point of the platform. The raised leg was positioned as neutral hip and knee flexed to approximately 45º with knees closely aligned. Hands were rested on the abdomen. For (eyes open) conditions, participants were asked to fix their gaze on a point 5-m away. Safety instructions were outlined. A foam cushion of thickness 2.54 cm was used as the unstable surface with foot markings corresponded to the force platform foot markings to ensure similar foot positioning.

Test conditions 1 to 4 (Table 2) were randomly allocated prior to assessment to eliminate any potential learning effect associated with a more challenging condition. Each test condition commenced with DLS followed by SLS. 
Table 2: Conditions randomly tested for both double and single leg stance on a force platform

1	2	3	4
Eyes open	Eyes open	Eyes closed	Eyes closed
Stable	Unstable	Stable	Unstable

Each trial for each condition was 30-s in duration. Time to error and number of errors made were also measured. Time measurement (s) was rounded to the nearest second. A test failure was defined as a participant needing to open his or her eyes, breaking hand position, touching down foot, non-dominant hip abduction > 30o approximately, requiring operator intervention or handrail use. The Balance Error Scoring system (BESS) was used to quantify each participants test score. The participant was instructed before attempting trials to try and correct their position in the case of an error and continue the test until 30-s elapsed. A trial was abandoned after 10 errors. On initiation of a 30-s trial, the investigator counted ‘3-2-1-and start’. Participants were asked to be in the correct position by ‘1’ to eliminate any sudden perturbation associated with correcting their position. Neither the participant nor investigator spoke during the 30-s trial to minimise any distraction. For each procedure participants were permitted a maximum of three attempts as recommended (17). A minimum of 30-s rest was allocated between repeat trials and the rest period between test conditions was 90-s. If a participant failed more than one test condition despite repeat attempts, he or she would not be eligible for more challenging conditions; namely, a participant who failed SLS eyes open would not partake in SLS eyes closed if not yet attempted. 
As the participant maintains their position, their weight is continuously shifting across the force transducers. The HURlabs software calculated X and Y displacement data (COP data) across the platform and subsequently mean sway velocity (MSV) in mm.s-1 and C90area in mm2 were computed. MSV was calculated by dividing the total trace length by the duration of the test (30-s). The trace length summed together successive COP points from real time (X and Y) analysis of the force transducer output sampled at 5 Hz (200 ms intervals). Computed C90 area is the area of the ellipse containing 90% of the assessed COP points sampled at 100 Hz (10-ms intervals). Computed MSV and C90area for participants completing the 30-s test during an attempt were calculated using iBalance software. For those participants who achieved more than 5-s but less than 30-s, data (MSV and C90area) were calculated up to the time of first error using a customised Excel spreadsheet. The customised spreadsheet formula (Equation 1) used in the current study for C90area produced data within 0.1 mm2 compared to data produced by HURlabs software when assessing 30-s trials, therefore, this difference was deemed to have minimal significance considering the magnitude for assessed C90area. 

Equation 1: 		C90area (mm2) = 4.605 * * ∑ [Cxx * Cyy – (Cxy)2]0.5
where Cxx = ∑(xi-xm)2]/(n-1), Cyy = ∑ (yi-ym)2]/(n-1) and Cxy = ∑ (xi-xm)*(yi-ym)]/(n-1)

In addition, X and Y coordinates sampled at 20ms (5Hz) intervals were used to calculate the distances between successive time-points using Equation 2. 

Equation 2: 		[(x2 – x1)2 + (y2 – y1)2]0.5
Summated distances over the associated time were divided by time to compute sway velocity in mm.s-1. The formula used for MSV produced the exact data as measured by the HURlabs software. 

Equation 3:  MSV (mmˑs-1) = d/t, where d= [(xi-xj)2 + (yi-yj)2]0.5 and t = time

Dynamic balance was measured using a Y balance test kit consisting of a stance platform and three PVC pipes attached in the anterior, posteromedial, and posterolateral reach directions. Each pipe was marked in 5 mm increments for measurement of reach distance from the centre of the stance platform. Support rails were placed by the anterior pipe and safety precautions were outlined. There was a 10-min rest period between static and dynamic balance assessments. The YBT was demonstrated by the lead investigator followed by 3 practice trials (34). Participants stood barefoot with their dominant foot on the centre footplate with hands placed on hips. The dominant leg could bend as much as participants could tolerate. Participants started with  their non-dominant foot resting on the back of the centre footplate. The participant then pushed the reach indicator in each direction using the non-dominant foot in the order anterior, posteromedial and posterolateral directions. 

Failed attempts were discarded and the attempt was repeated with a maximum total of 6 attempts. The first three successful attempts were recorded. A failed attempt was touching down with the non-dominant leg, raising the dominant heel from footplate, loss of contact with the reach indicator while in motion or using a kicking motion, using the reach indicator for stance support or failure to return the free foot to the starting position. The maximal reach distance was measured by reading to the nearest 0.5 cm on the measured pipe. The mean and maximum reach for each direction was used for analysis of the reach distance in each direction. Reach distances were summed to yield a composite score for analysis of overall test performance (32). To express reach distance as a percentage of limb length, the normalised reach distance (%) was calculated as the reach distance divided by limb length and then multiplied by 100 (37). Composite reach distance (%) was the sum of the 3 reach directions divided by 3 times limb length, and then multiplied by 100.

Statistical analysis

An a priori power test was conducted for expected outcomes with a Type 1 error probability of 0.05, a power of 0.85 and a projected effect size 0.4. This analysis indicated that n=20 per group would provide a statistical power of 85% (G*Power v3.0.10 free software; Institute of Experimental Psychology, Heinrich Heine University, Dusseldorf, Germany). Data normality was assessed using Pearson D’Agostino omnibus normality test using Graphpad Software (GraphPad Prism, CA, USA). Statistical analysis within discrete conditions (SLS, DLS, eyes open, eyes closed, stable platform, unstable platform) was performed using a 2-way ANOVA to compare between and within groups (group x age). Subsequently, post-hoc Bonferroni tests quantified detected differences. Meaningfulness of the detected differences were examined by computing Cohen’s d (mean difference / pooled standard deviation) to quantify the effect size (ES); accepted demarcations are ES < 0.2 trivial, from 0.2 to 0.5 poor to moderate, from 0.5 to 0.8 moderate to good and from 0.8 to ≥ 1.0 good to excellent.   Descriptive statistics were used to characterise the sample and for all statistical analysis a value of p < 0.05 inferred significance. 

RESULTS
Baseline anthropometric data collected on all participants (n=77) enlisted in the current study are presented in Table 3, participants were categorised according to their age and level of activity.

Table 3: Number of participants (n), mean and standard deviation of age and BMI, and gender distribution of each group and weekly duration of vigorous intensity activity
	n	Male	Female	Age (yr)	BMI (kg.m-2)	Mean (h) vigorous activity per week
       YA	29	15	14	25 (5)	23.9 (2.9)	8.1 (4.2)
       YC	13	3	10	27 (4)	22.4 (2.3)	0.7 (1.0)
       RA	18	12	6	59 (6)	25.9 (4.1)	3.7 (2.9)
       RC	17	6	11	62 (7)	25.2 (3.2)	0.3 (0.8)
(YA) - Young Athlete, (YC) – Young Control, (RA) – Retired Athlete, (RC) – Retired Control,  (yr) – Year, (kg) - kilogram, (cm) – centimetre, (kgˑm2) – kilogram divided by metre squared, (h) – hour.

Sporting disciplines were recorded;  Gaelic Athletic Association (GAA) and athletics were the most heavily represented sports across the athletic groups. In total, 60.7% of YA reported a history of formal balance training (single leg exercises, perturbation exercises) compared to 39.3% in RA. In YA, 54% competed at club level, 36% at national level and 11% at international level. In RA, 61% previously competed at club level, 22% at national level and 17% at international level. All participants were deemed low risk by the falls risk assessment. Mean BBS data (maximum score 56) for RA and RC groups were 56 ± 0.4 and 55 ± 1.0, respectively. Mean TUG data for RA and RC groups were 6.7 ± 1.4 and 7.3 ± 1.4-s, respectively. 

Static balance
All participants completed all positions in DLS. The most challenging condition, single leg eyes closed, was only successfully completed by 5 participants (all YA), consequently, single leg eyes closed data were not included for statistical analysis. For any participant who attained > 5-s in their 30-s test, their mean C90area and MSV data up until point of error were recorded. 

 
 

Group	Variable	Double legEyes openStable	Double legEyes openUnstable	Double legEyes closedStable	Double legEyes closedUnstable
YA	C90area (mm2)	234 (39)*	   308 (36)**	340 (42)	641 (65)
RA		370 (69)	496 (61)	482 (80)	  936 (104)
					
YA	MSV (mm.s-1)	9.6 (0.8)**	  11.5 (3.9)*	13.7 (3.3)**	     22.5 (10.2)**
RA		   12.2 (1.0)	 15.3 (4.4)	   20.7 (9.9)	  33.1 (10.0)
					
					
YC	C90area (mm2)	167 (21)	  236 (39)*	 308  (53)	  746 (114)
RC		290 (67)	401 (50)	432 (78)	  997 (223)
					
YC	MSV (mm.s-1)	  8.5 (0.5)**	     9.9 (2.9)**	12.6 (3.2)**	20.4 (6.8)*
RC		   13.2 (1.4)	15.8 (6.3)	   19.7 (8.5)	28.9 (11.9)

Table 4: Mean (SEM) data for C90 area (mm2) and MSV (mm.s-1) double leg, eyes open and closed on stable and unstable platforms across group. Asterisk symbol (*) indicates significant difference across age within group, * infers p < 0.05, ** infers p < 0.01.


Group	Variable	Single legEyes openStable	Single legEyes openUnstable	Single legEyes closedStable
YA	C90area (mm2)	462 (28)***	n=29	522 (33)**	n=29	1527 (100)***	n=29
RA		813 (102)	n=18	913 (94)	n=18	3647 (807)	  n=9
							
YA	MSV (mm.s-1)	24.4 (1.2)**	n=29	27.2 (6.2)*	n=29	53.6 (2.1)***	n=29
RA		39.3 (2.7)	n=18	33.8 (8.6)	n=18	89.0 (9.1)	  n=9
							
YC	C90area (mm2)	323 (30)##	n= 13	505 (70)	n= 13	1889 (256)	n= 13
RC		470 (69)	n= 16	799 (125)	n= 16	3050 (656)	  n=9
							
YC	MSV (mm.s-1)	23.4 (2.0)**	n= 13	25.7 (7.6)**	n= 13	53.1 (3.8)	n= 13
RC		33.7 (2.4)	n= 16	41.9 (29.9)	n= 16	67.5 (7.3)	  n=9


Table 5: Mean (SEM) data for C90 area (mm2) and MSV (mm.s-1) single leg, eyes open on stable and unstable platforms and for eyes closed on a stable platform. Asterisk symbol (*) indicates significant difference across age within group, * infers p < 0.05, ** infers p < 0.01, *** infers p < 0.001, and hash tag symbol (#) indicates a significant difference across groups within age, ## infers p < 0.01.


Each participant was timed for each attempt and time to error data was recorded for each condition to the nearest second. All participants completed each DLS trial without error across the four test conditions. Global analysis of time to error (s) data for SLS with eyes open on a stable surface identified no significant age, group or interaction effects (Figure 1a). However, global analysis for SLS, eyes opened on an unstable surface identified a significant age effect (F = 21.13, P < 0.001). There were significant post-hoc age effects detected in the athlete and control group (30 ± 0 vs. 25.3 ± 8.0 s (p < 0.05) and 29.9 ± 0.3 vs. 19.6 ± 12.2-s (p < 0.001), respectively). Computed effect size for the athletic group was 0.84 and for the control group was 1.18 (Figure 1b). Global analysis of time to error (s) for single leg stance, eyes closed on a stable surface identified significant age (24.2±8.9 vs. 9.0±8.8 s; F = 59.21, p < 0.001) and group effects (18.5 ± 7.3 vs. 14.6 ± 10.2-s; F = 4.30, p < 0.05). Post-hoc Bonferroni analysis identified a significant age effect in athletic and control groups (27.8 ± 5.8 vs. 9.4 ± 8.5 s (p < 0.001) and 20.5 ± 11.1 vs. 8.6 ± 9.1-s (p < 0.001), respectively). Post-hoc analysis also identified a significant group effect in the young cohort (27.8 ± 5.8 vs. 20.5 ± 11.1-s; p < 0.05). Computed age effect sizes for athletic and control groups were 2.69 and 1.09, respectively, on a stable surface with eyes closed. The computed group effect size was 0.90 in the young cohort; see Figure 1c.


Figure 1: Mean time to error (s) for single leg stance on (a) stable surface eyes opened, (b) unstable surface, eyes open and (c) stable surface eyes closed across groups, error bars denote SEM, n as indicated in Table 3. Asterisk symbol (*) indicates significant difference across age within group, *** infers p < 0.001. Hash tag symbol (#) indicated significant across groups within age, # infers p < 0.05.

Dynamic balance
Dynamic balance was assessed using the YBT. Each participant had three successful attempts in each direction recorded. The maximum and mean composite score (%) from the measurements in each direction were subsequently calculated.

Global analysis of maximum composite score (%) on dominant leg on the YBT identified significant age (86.8 ± 6.0 vs. 76.6 ± 13.3%; F = 24.38, P < 0.001) and group effects (85.4 ± 8.5 vs. 78.0 ± 11.8 %; F = 14.41, p < 0.001). Post-hoc Bonferroni analysis identified a significant age effect in both athletic and control groups (90.0 ± 5.4 vs. 80.8 ± 10.7 %; p < 0.01 and 83.6 ± 6.5 vs. 72.4 ± 15.4 %; p < 0.001). Post-hoc analysis also identified a significant group effect (80.8 ± 10.7 vs. 72.4 ± 15.4 %; p < 0.01) comparing retired cohorts only. Computed effect sizes for maximum composite score data across age in athlete and control groups were 1.08 and 0.94, respectively, and for the retired cohorts across group the computed effect size was 0.62. 

Global analysis of mean composite score (%) also identified significant age (84.3 ± 6.4 vs. 73.5 ± 13.3 %; F = 23.79, p < 0.001) and group effects (82.6 ± 8.7 vs. 75.1 ± 11.9%; F = 14.04, p < 0.001). Post-hoc Bonferroni analysis identified significant age effect in athletic (87.7 ± 5.4 vs. 77.5 ± 11.1 %; p < 0.01) and control groups (80.8 ± 7.2 vs. 69.4 ± 15.2 %; p < 0.001). Post-hoc analysis also identified a significant group effect (77.5 ± 11.1 vs. 69.4 ± 15.2 %; p < 0.01) comparing retired cohorts. Computed effect sizes for maximum composite score data across age in athletic and control groups were 1.32 and 0.96, respectively, for the retired cohorts across group the computed effect size was 0.61, see Figure 2.

Figure 2: Bar chart representing the maximum and mean composite score (%) for the YBT across groups, error bars denote SEM, n as indicated in Table3. Asterisk symbol (*) indicates significant difference across age within group, ** infers p < 0.01, *** infers p < 0.001, and hash tag (#) symbol indicates a significant difference across groups within age, ## infers p < 0.01.

DISCUSSION

Despite identifying significant age effects within discrete conditions for postural control, a finding consistent with previous reports (2, 4, 23, 41), group effects attributable to regular participation in sport was demonstrated only with dynamic balance assessment and timed SLS. Static balance variables, in general, failed to attain statistical significance.  

In the current study, the YBT data demonstrated a strong age effect across groups while also identifying the effect of former athleticism when compared to sedentary adults. The YBT test assess an individual’s limits of stability by incorporating strength and flexibility (13). Within the retired group, there were significant differences detected between athletic and control groups, see Figure 2. To the author’s knowledge, there have been few studies measuring dynamic balance using the YBT in older sporting population groups despite this test being reported as an effective tool in an older healthy population (13, 22). 
 
Previous studies have examined YBT data by dividing older adults according to age categories (13, 22). Freud (13) reported an age effect within decades using maximum composite score data in healthy female adults; middle age group (mean 56 yr, 91 ± 7 %); older age group (mean 62 yr, 83 ± 10 %) compared to mixed gender RC data in the current study (mean 62yr, 72 ± 15%). The RC scored lower maximum composite scores compared to another study also (72.4 vs. 85.0 %) (22). The wider age group tested makes comparing controls to previous studies more difficult. In the current study, normalised reach distances lacked a group effect in the younger cohort, a finding previously reported in the literature (35). The current athletes who participated have varying sport specific abilities in terms of balance positions and lower extremity strength and flexibility. Although not investigated in this study, we may speculate that no difference was revealed because of one or a combination of training differences. However, the maximum composite score of YA was similar to a study (3) assessing elite level athletes (90 vs. 89 %). 

Lower extremity strength plays a role in YBT performance in the older healthy population (22). Strength may have a lasting effect among retired athletes although this too declines with age (26, 28). Former athletes reportedly have a superior ability to retain velocity of weight transfer with sit to stand assessment; however, no difference in sway variables was inferred (9). There was no statistical difference between BBS and TUG among the retired group in this study but this could be explained by a younger cohort (mean 60 vs. > 65 yr). Indeed those that played sport may maintain a physically active lifestyle promoting lower limb and truncal strength in their activities of daily living. Future studies could potentially compare lower limb strength with YBT data in former athletes using sedentary adults as controls.

The weekly level of physical activity ranged from inactive to active in both RA and RC. Current activity status of older adults is reported to be a predictor of both static and dynamic balance regardless of previous sport participation (6). Bulbulian (6) assessed static balance using timed SLS, and dynamic balance was assessed using step width and length. Motor coordination and muscle strength while maintaining SLS during YBT may provide a more challenging stance to distinguish athleticism. It is unclear whether the benefit to dynamic balance is attributed to by current level of physical activity or from prolonged participation in sport in earlier life.

YBT data may allow for an objective falls risk assessment in a healthy functioning adult as it emulates a reaching task. The use of sway velocity to predict falls has been controversial but measurement of sway while performing dynamic manoeuvres may be more helpful than a static position (2). Similar functioning tests such as TUG and BBS have a ceiling affect and may be more suitable for less active or frail adults. Although the YBT is physically challenging, it requires the participant to force themselves to reach beyond their normal stability boundaries. Speculatively, from a psychological perspective, it is possible that retired athletes may be less apprehensive due to past exposure to multiple physical challenges and therefore were able to push themselves to attain higher reach composite scores. However, the current study did not assess psychological variables and the lack of any significant difference in the younger groups potentially contradicts this argument.


As with the current study, performance of static and dynamic balance have not correlated in an athletic population (19). Athletic performance did not demonstrate an effect between groups when measuring sway. Across all groups, sway increased with surface instability and visual feedback removed for both C90 and MSV. Observing static balance in relation to level of activity, one study concluded that recent practice of physical activity was as beneficial as practice in the past, or permanent practice (31).  In contrast to the current study, they concluded past exposure to physical activity was associated with decreased sway velocity and area of displacement during static balance assessment when compared to those who were always inactive. Additionally, the authors reported that physical activity resulted in less dependency upon visual input, which again differs to the current study where there were no differences detected between controls and athletes in conditions where eyes are closed. This may suggest exercise does not provide long-term benefits to proprioception and vestibular systems. As mentioned, evidence from the current study suggest the neuromuscular adaptations of sport diminishes with time. In fact, the higher C90area and MSV data of RA suggest that longterm weight-bearing sport may impact on the sensory systems detrimentally whether from chronic over-stimulation or long-term effect of minor lower limb injuries.

Comparable to the current study, researchers (23) measuring sway in master athletes  have previously documented no statistically significant difference between master athletes and controls despite being currently active for SLS with and without visual feedback. Data for C90area in RA and RC increased by 4- and 6-fold, respectively, when eyes were closed. Very wide standard deviations for C90area data were evident with all challenging conditions, a finding previously reported (2). Across all groups, MSV increased by a maximum of 2-fold when eyes were closed. For all positions with DLS including tandem stance, master athletes recorded less sway relative to controls (23), unlike the findings reported in the current study where there was no discernible difference between groups using sway in DLS. Baloh et al. (2) also reported that sway velocity was not a predictor of falls and fear of falling and there was no detected significant difference between sway velocity measurements when comparing fallers and non-fallers. Our findings of healthy very low falls risk adults would concur with Baloh et al. (2). 


Time to error did not detect an athletic or age effect for SLS with eyes open on a stable surface (Figure 1a), however, an age effect was detected when participants were on an unstable surface (Figure 1b). Time to error during SLS trials detected significant age and athletic effects for the most difficult condition completed (eyes closed, stable surface, Figure 1c). Like the YBT, an athlete’s muscle endurance and strength may allow for greater stability by maintaining SLS for longer when balance mechanisms are challenged (vision and proprioception).  A high sway velocity may not reflect an inability to maintain limits of base of support but rather frequent postural corrections for sustained postural stability. The time to error data detected more significant differences with task difficulty. This suggests that although athletic populations sway more with more challenging conditions, their ability to maintain composure without errors was greater than the control group, especially for those who are currently training regularly. A previous study has reported similar mean time results across age (4). 

One limitation of this current study was the current level of physical activity of the older adults enlisted as this was not a factor when categorising the groups. Within both retired groups, there was a diverse range of current regular physical activity. Notably, within the groups there were those who were former athletes but now led a sedentary lifestyle. Likewise with the control group, despite never competing in sport some enlisted participants now led an active lifestyle which potentially may contribute to preserved balance control.

The range of sporting disciplines was also a potentially a limiting factor as balance varies according to activity. This could be resultant from integration of sensory systems internally (vestibular and proprioception) with external visual cues due to the contact nature of the sport and required rapid change in direction. 

Another area of concern for the design of the current study was that volunteers may be biased if they selectively enrolled believing they already have apprehension regarding their balance. However, this bias would potentially result in overall poorer postural control across both groups, and, therefore not necessarily weaken the current study’s findings. Additionally, the level and intensity of training of the retired athlete group (circa 1955 to 1965) most likely was not as stringent in comparison to current training regimens. Therefore the skill that an athlete would develop presently would likely be more advantageous to postural control than previously. With this said, control participants in the current study displayed very good balance, despite sample size limitations. Analysing postural stability when balance is disturbed by perturbations is an important component of falls risk assessment. The current study lacks controlled perturbation and cognitive challenges, unfortunately such challenges were outside our remit currently. Additionally, reaction time to regain balance after perturbations is also important in relation to falls.
 
Furthermore the current study did not assess joint flexibility or strength. Enhanced muscle mass and range of joint movement in athletes may be more determinant for superior balance during dynamic manoeuvres compared to sedentary people. Consequently, we were unable to interpret the degree of contribution of balance sensory systems with regard the YBT. Future studies should use more specific sporting groups, in particular targeting athletes according to their specific sporting discipline and level of training. Ideally studies should be a cohort study to follow athletes over time in order to identify everyday lifestyle factors that may contribute to protected postural stability and minimise falls in later life. 

Assessment tools and protocols vary across the literature resulting in difficulty interpreting and applying results on a large scale. Future studies should use advancing technologies to draw quantitative measurements of the varying sensory components and the effect of sport has on them across the age divide.

In conclusion, the findings of the current study demonstrate previous athletic exposure does not have a lasting effect on vision, proprioception and vestibular systems. We may speculate from the positive findings of dynamic testing and timed SLS that muscle strength and joint flexibility has a protective role in postural stability as we age. Determining the extent to which strength and muscle endurance of athletes influence balance should continue to be investigated. Our current data does not support the concept that years of competing in weight-bearing sport accrues a major benefit to athletic individuals in terms of balance control mechanisms. However, the current study reiterates the published literature that there is a significant decline in balance control systems with the ageing process. Future research should investigate the effect of balance perturbation in former athletes compared to non-athletes.
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